In this paper we develop numerical algorithm for solving inverse problem for the wave equation using Boundary Control method. The results of numerical experiments are represented.
Introduction
The Boundary Control method is one of the most natural method for solving multidimensional inverse dynamical problems. The method was proposed by Belishev in 1986 (see [B] , [B1] and publications cited there). Numerical testing results are represented in [BG] .
The principle question in the BC-method is the controllability. f cannot be solved when coefficients of the (wave) equation are unknown. The remarkable fact is that for harmonic  one can find a control which provides the equality  = ) (., T u f with arbitrary accuracy using only data of the inverse problem. But in practice we have only finite number of controls. Can one provide proper accuracy at that and how many controls is takes? In this paper we try to answer these questions numerically when reconstructing a density in the unit disk in 2 R . We take T more than optical radius of .  It makes our problem easier.
We prove also approximate 1 H -controllability. We use this to develop a numerical algorithm for solving inverse problem for the wave equation with unknown density. We also demonstrate the results of numerical experiments.
Let  be a bounded one-connected domain in n R ( 2,3 = n ) with a smooth boundary  . Denote by f u the solution (wave) to the initial boundary problem for the wave equation
is real (as all Hilbert spaces in this paper). The map
is bounded [L] and called response operator. The wave f u is classical when
where the distance is taking with respect to the metric  dx x  . This assumption provides that the waves induced by various controls fill up the closure of  at the final moment will not be mentioned at all notations. Our approach to this problem is based on the BC-method and close to approach of [P] .
Bilinear forms
Introduce two symmetric bilinear forms
The following relations between these forms and response operator are the base of BC-method. We obtain these relations for the convenience of riders (for more details see [B] ). We use the notations
are valid. 
Proof. For any solution v to the wave equation the equality
Remark 2 Analogously to (7) one can get representation of the kinetic form
Remark 3 It may be shown (6), (7), (9) 
Boundary control and density reconstruction
Consider the boundary control problem
. For sufficiently large
and under some geometrical assumption the equation is solvable in F (not uniquely) [BLR] .
We consider the case when ),
is the real Hilbert space with the norm [LM] . Denote by u the wave
. By standard way
Thus we have
As in [B] using Tataru's theorem [T] this implies 0 = v in the domain bounded by characteristics
Note, that  is completely determined by response operator. The following propositions is the base of our approach to reconstruct  .
Proposition 5 For any smooth harmonic function
Inequality ( 
are mass matrix and stiffness matrix accordingly.
As in the differential case the following representations
holds. Emphasize that right hand sides of (14), (15) 
